


MAT 

'Tnen the value of ar, a i rp l aae  rezord t o  t he  companies en- 

g8ged i n  the wlamfacture of p.irplP.nes becomes great  enough, 

whether f o r  a5ver t i s ing  02 through the d i r e c t  o f f e r  of f i nanc ia l  

reFard, t o  s t imulate  r e a l  compstition i t  i s  ce r t a in  that speciale 

designs w i l l  he prepared azd that a i rplanes w i l l -  be bu i l t  with 

the  attainment o f  an absolute maximum of mrfomance  i n  some 

one pa r t i cu la r  as the sole  z3-m The h i s to ry  of t h e  Pulitzer 

race, America' s present ae r i e1  speed c l a s s i c ,  well i l l u s t r a t e s  

that  tenclegcy. In 1920, Then the  f i r s t  competition vas held, 

only one o f  t h e  competing airplanes haeL been h i l t  primarily f o r  

the race.  The n e x t  year, at Omha, t he re  mere enough r e a l  rac- 

ing airplanes entered t o  form a majority of a l l  t h e  entrants ,  

and i n  1922 sed 1923 not  a s ingle  purcni t  airplane, nor any otner  

designed with any im>or-ta,nt idea except speed-, came t o  t he  

s t a r t i n g  l ine .  

The same w i l l  be  t r u e  o f  a l t i tude and duration, and has, in- 

, already been t r u e  the re  t o  sone extent ,  as me11 as of speed. 

It  i s  of i n t e r e s t ,  then, t o  see inhat determines a i rp lane  p e ~  

ance and That line, sholzld be folloned in seeking t o  break 

n a f r c e  hand. 
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There a r e  var ious ways of ca lcu la t ing  performance, and 

vary i n  complexity, 2,s in acsaracy- For t h e  present  purpos 

l e a s t  i n  deal ing with tlie broaci ou t l ines  of the  problem, approx- 

imate formulas involving only a f en  of 'Lhe most i rqo r t an t  dimen- 

sions and- cha rac t e r i s t i c s  of tke airplane,  and not inc1.uding the 

parSicilar form and disposi t ion of the  pa r t s ,  would be most use- 

f u l .  

Ra t io  of Engine ..- Power toJfinp: Area- 

Such formulas shon that the maxirmrfi speed of a fast airplane 

i s ,  wi th in  reasonable limits, v i r t u a l l y  independent of the t o t a l  

meight carr ied,  being goberned only by t h e  ratio of engine power 

t o  wing area and rising as that  r a t i o  r i s e s .  The speed can then 

be increased, general ly  s-oeaking, by r a i s ing  t'ne power o r  cl ip- 

ping the  wings. 

extremes, the former t o  a poin t  where the whole a i q l a n e ,  loaded 

and ready f o r  f l i g h t ,  weishs on ly  five pounds a horsepower and 

i s  very nearly capable of l i f t i n g  i t s e l f  v e r t i c a l l y  as a he l i -  

copter,  the 1izt ter . to  such a degree that  some of t h e  racing air- 

Both of those Drocemes have been car r ied  t o  

Dlanes have car r ied  near ly  20 pounds a square foot .  

speed i s  dependent on the weight car r ied  per u n i t  of wing area ,  

and such a loading as t h i s  i m l i e s  making contact with the  ground 

a t  some 90 miles, an hour. The search for speed by  reductlon of 

wing surfaces has been pushed r e l en t l e s s ly  toward i t s  log ica l  

development only i n  Euro2,e, however, f o r  the Pu l i t ze r  race r u l e s  

Landing 

provide t h a t  competing a i rp lanes  must be able  t o  land a t  under 
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75 F i l e s  an hour. 

could be s t i l l  fuTther yaised., but the hazard aow.ld be i 

and t;ie gap between racing al.rplaries and those of d i r e c t  p 

usefulness vou1d be still f u r t h e r  v:idened, and it Zs,to be hoped 

9het  the rule ~ i 3 - 1  stand as i t  does now. 

\!fer$ that  pro-Ti6icm a,nrml',ed, maximum s 

If minimum speed i s  t o  be f ixed t h e  ving loading f o r  a glTren 

wing sect ion i s  l i m i t e d ,  and the  area can only be reduced. by re- 

d-ucing the  weight. Total weight, mice t'nmst aside as of  no im- 

portance, therefore  re turns  as iz fac5or of  considemble,  although 

ind i r ec t ,  moment under t h e  Pul f tzer  r u l e s ,  and the  f i rs t  object  

of t h e  d e s i p e r ,  i n  conjunction with those responsible f o r  the 

power plant ,  i s  t o  cut  the  weight per horsepower t o  the lowest 

possible f igure.  
* 

-c_ Minor Ref inernent s. 

That done, Kinor refinements claim t h e  a t t e i t i o n .  Every 

project ing elsment czpable of adding, however s l i gh t ly ,  t o  t he  

resis tance i s  eliminated, perhaps even t o  the cxtent of fo ld ing  

the wheels and t h e i r  struts back within the  fuselage. A search 

f o r  the bes t  y4ng sect ion i s  conducted, and a t  the  present  time 

the  choice usua l ly  f a l l s  on a very t h i n  form w i t h  near ly  flat o r  

s l i g h t l y  convex loner surface,  but  t he re  a re  signs that that may 

not long continue t o  be t h e  case. 

O f  a l l  new inventions t o  increase speed, the most valuable 

would be an engine of reduced sect ional  a r ea  and accordingly of 

l e s s  head res i s tance  than t h e  ex is t ing  forms, and a wing of 



idlich the  l i f t i n g  power could be varied while i n  f l i g h t  by charts- 

ing the area o r  o-thervGse, thus making i t  .possible t o  secure a 

high l i f t  f o r  landing a t  a moderate ve loc i ty  and t o  cut i t  d-own 

f o r  e f f i c i e n t  f l i z h t  a t  very high speed. Xeitner ‘va r i ab le - l i f t  

-flings nor engines of rad-ically new t y j e a n d  reduced area nave as 

yet aQDeared i n  the Pu l i t ze r  race, but both a r e  l i k e l y  t o  60 so 

within the  next t h r e s  years- 

The quest f o r  a l t i tude  involves weight, power, and xing area,  

but the  three a r e  not of  equal inportance. Roughly speaking, 

t h e  r e l a t i v e  e f f e c t s  are i n  t h e  r a t i o  of 3, 2, and 1, a decrease 

of 2 per  cent i n  weight, an increase o f  3 per  cent Sn poner, and 

an increase of 6 per cent ir, area r a i s i n g  t h e  c e i l i n g  by t h e  same 

amount. 

i s  o f  an opFosite nature  t o  i t s  influence on l i f t ,  bene f i t  accm- 

ing from an increase  i n  one case, from a decrease i n  thz  o thsr .  

I n  actual  pract ice ,  however, i t  does not  pay t o  t r y  t o  use 

I t  m i l l  be noted tha t  the e f f e c t  of wjng area on C l h b  

a very l i g h t  wing loading i n  a i rp lanes  designed to  break a l t i t u d e  

records, f o r  any increase of area necessar i ly  involves an increase  

of weight, and t h e  loss due t o  that  increase balances the  gain 

from the  change of loading. 

Altitude, l i k e  speed, therefore  becomes very l a r g e l y  a matter 

of   eight per  u n i t  of power, bu t  i t  must no t  be supposed from that 

t h a t  a l t i t u d e  and speed a i rp l anes  tend t o  become i d e n t i c a l .  The 
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d e s i r z b i l i t y  of at l e a s t  a Eoderately low wing loading Then high 

ceiltings a r e  sought i s  never qu i t e  l o s t  from s igh t ,  and the sec- 

ondary considerations i n  the two cases draw the designer i n  qui te  

&i f  f e r e n t  Ci rect ions.  While the  r educ ti o n o f  t h e  res i s tance  of 

wires and s t r u t s  and body i s  paramount i n  designing racing air- 

planes,  i n  norking for great a l t i t u d e s  the  eff ic iency of t h e  

r ings  i s  more important. Thicker sect ions a re  used, and the as -  

pe9-t; r a t io  i s  l i k e l y  t o  be much higher than it would be if only 

speed were i n  ques-t;ion. P,lthough biplanes have held the a l t i t u d e  

record f o r  m;lJly years nor there  i s  no apparent reason Thy a mono- 

plane should not  i-egain i t ,  f o r  the meri ts  o f  t h e  two types fo r  

t h i s  service a r e  c losely matched, 

z 

Uore i i -qortant  than anything that  the airplane designer can 

do t o  add a few hundred f e e t  more t o  the cei l ing,  however, a r e  

the endeavors o f  those responsible f o r  t h e  engine and i t s  acces- 

s o r i e s *  Some engines taould not Tun a t  all a t  heights  a s  grea t  as 

those which a i r c r a f t  a r e  now reaching, and fur ther  improvement i n  

the  a l t i t u d e  record w i l l  be l a rge ly  a matter of improvement i n  

the  technique of  maintaining engine power a t  low a i r  dens i t i e s -  

The drop of power can most read i ly  be averted by us ing  a ' super -  

charger, and a l t i t u d e  records i n  the fu ture  will be held by the 

na t ion  which has produced the  mo s t  e f f i c i e n t  supercharging equi-p- 

men%* Airplanes al ready e x i s t  which mould be e a s i l y  capable 

o f  climbing t o  60,000 f e e t  i f  t h e r e  exis ted a supercharger vhich 

would hold the  engine power constant a t  i t s  sea-level value a t  

a l t i t u d e s  as g rea t  as t h a t ,  bu t  no such aux i l i a ry  now used i s  
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capable o f  preventing a l l  loss of PO a 2, heights  h, if a 

In excess of  s i x  miles. 

_I_- Duratior?,. 

Turning f i n a l l y  t o  duration, the t h i r d  of the pr inc ipa l  rec- 

ords,  the problem of  designing for improved performance i s  found 

t o  be l-argel-y a s t r u c t u r a l  one. To s t a y  i n  t h e  a i r  f o r  the 

grea tes t  possible  time, the l a rges t  possible  proportion of the 

i n i t i a l  weight must be i n  the  form o f  f u e l ,  and the  s t ruc tura l  

meig5C must therefore  be reduced t o  a minimm. In  general, that 

requirement mou’ld indicate  a biplane w i t h  a th ick  wing section 

and a moderate amount of external  bracing, although the duration 

record a t  present i s  held by an internally-braced rnonoplane- 

1% i s  also importent t h a t  t he  overal l  efficie-ncy be made high 

by t h e  se lec t ion  of a wing of good aerodynamic q u a l i t i e s  and by 

omitt ing from t h e  s t r u c t u r e  such resis tance-contr ibJt ing members 

as can be spared, and a l i gh t  wing loading would be des i rab le  

were it n o t  t h a t  here,  as i n  respect of clinb, enlargement of 

the ning adds t o  the structural weight which must be car r ied .  

Here again, therefore ,  a compromise has t o  be a r r ived  a t .  

The duty o f  t h e  engine designer i n  connection with t h e  mak- 

ing of a duration record i s  t o  fu rn i sh  a l i g h t  engine, r e l i a b l e  

enough t o  run through the forty-hour period of t h e  f l i g h t  w i t h  

ce r ta in ty ,  and with a very low f u e l  consumption under all condi- 

t i o n s  of operation. The last  clause i s  very important, s ince 
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the  engine m i l l  always be t h r o t t l e 6  dom so that it i s  just pos- 

sible  -to remain in t h e  a i r ,  and an engine may be very economical 

a t  f u l l  speed and f u l l  load an3 y e t  show a r e l a t ive ly  high con- 

sump t ion when t h ro t tl ed. 

Tnere has ,  up t o  the  present; time, been re lat ively l i t t l e  

spec ia l  designing f o r  a l t i t u d e  o r  duration, and those records 

have been held by airplaries o r ig ina l ly  intended f o r  ordinary 

service.  There can be l i t t l e  doubt, however, that  as competition 

becomes more intense,  and a s  t 3 e  constructors  of the several 

great nations cone into d i recf  conf l tc t  in  seeking export *ixM.- 

ness among the  snialler states, the e f f o r t  t o  secure and hoM 

recosds will g ~ o m   eve^ keener, and that vi11 lead t o  the  d y l O P -  

ment in every f i e l d  05 a spec ia l  technique of design analogous 

to that already developed f o r  the  racing a i rp lane  and now lead- 

ing that t y p e  t o  soaething approaching standardizatfon. 

fundamentals here sum-iarized i n  broad outl ine w i l l  then become 

the  subject of  in tens ive  study by desigrm-ss. 


